Abstract. In the present study, sheep bone marrow stem cells (BMSCs) were transfected with basic fibroblast growth factor (bFGF)-lentivirus in order to investigate the influence of bFGF on osteogenic gene expression. bFGF-transfected BMSCs (experimental group) and non-transfected BMSCs (control group) were also transfected with a green fluorescent protein gene in order to measure the transfection efficiency of the (bFGF)-lentivirus using flow cytometry. Using quantitative polymerase chain reaction assays, the changes in expression from three genes (osteopontin, OPN; osteocalcin, OC; and collagen
Introduction
Basic fibroblast growth factor (bFGF) is a member of the fibroblast growth factor family. It is involved in cell mitosis, proliferation and differentiation (1) . Studies have shown that bFGF is capable of promoting osteoblast cell mitosis and is also involved in the regulation of osteoblast phenotypes and the expression of extracellular matrix-related genes. bFGF is also involved in gene expression and blood vessel formation (1, 2) . Therefore, it is important in the process of bone tissue repair. Lentiviral vectors are capable of accommodating larger exogenous genes compared with plasmid vectors. Lentiviral vectors may also be used in conjunction with antibiotics for screening transfected cells and are capable of long-term stable gene expression. Lentiviral vectors are capable of infecting dividing and non-dividing cells. Typically, the immunoreactive effects of lentiviral vectors are small (3) . In the present study, in order to examine the osteogenic capability of sheep bone marrow mesenchymal stem cells (BMSCs), lentiviral vectors carrying the human bFGF gene were transfected into BMSCs.
Materials and methods
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Chemically Competent Escherichia coli cell kits, pLenti6/V5-D-TOPO vector of lentiviral eukaryotic expression, and lentiviral packaging plasmids, pLP, pLP2 and pLP/VSVG, were obtained from Invitrogen Life Technologies (Carlsbad, CA, USA). Lipofectamine 2000 ® liposome transfection reagent, the 293-FT cell line, ampicillin, lysogeny broth (LB) solid medium and super optimal broth were also obtained from Invitrogen Life Technologies. An efficient competent cells kit was obtained from Shanghai Sangon Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). A large agarose gel DNA extraction kit was obtained from Omega bio-tek (Norcross, GA, USA). A high purified small plasmid middle quantity kit was obtained from Tiangen Biotech (Beijing, China). A RevertAid TM First Strand cDNA Synthesis kit and Premix Ex Taq were obtained from Fermentas (Vilnius, Lithuania). Pfu DNA Polymerase (recombinant), geneticin and blasticidin antibiotics were obtained from Gibco-BRL (Invitrogen Life Technologies).
bFGF-plenti6/V5 plasmid and green fluorescent protein (GFP)-plenti6/V5 plasmid were generated in our laboratory. The human bFGF and GFP genes was cloned into the plenti6/V5 plasmid using Pfu DNA polymerase (in High Purity Plasmid Minipure kit; Tiangen Biotech) and polymerase chain reaction (PCR). The bFGF-plenti6/V5 and GFP-plenti6/V5 plasmids were transformed into One Shot Stbl3TM Chemically Competent Escherichia coli cells. The Stbl3 cells were cultured with 100 µg/ml ampicillin for 20 h, then the cells were split and the plasmids were extracted. The bFGF-plenti6/V5 and GFP-plenti6/V5 plasmids were then sequenced and it was confirmed that they did not contain frameshift mutations.
Experimental apparatus. The following apparatus was used: CO 2 constant temperature incubator and biological safety cabinet from Thermo Fisher Scientific (Waltham, MA, USA); a centrifuge from Jouan (Nantes, France); an IX71 inverted fluorescence microscope from Olympus, (Tokyo, Japan); a UV spectrophotometer from Bio-Rad (Hercules, CA, USA); an Epics Altra flow cytometer from Beckman-coulter (Carlsbad, CA, USA); an HHS-type electric heated water bath from Cloud Vision Networks Technology Co., Ltd. (Shanghai, China); an ABI Veriti gradient polymerase chain reaction instrument from Applied Biosystems Life Technologies (Foster City, CA, USA); a gel imager and the IQ5 quantitative PCR (qPCR) instrument from Bio-Rad; and a constant temperature shaker and a refrigerated centrifuge were obtained from Eppendorf (5810 R; Hamburg, Germany). The present study was approved by the Ethics Committee of Animal Management of The First Affiliated Hospital of Xinjiang Medical University (Wulumuqi, China).
Method of culture and generation of BMSCs. The Altay tailed sheep (obtained from the Animal Management Centre of Xinjiang Medical University, Wulumuqi, China) was anesthetized by intramuscular injection of 0.9 ml 10% chloral hydrate (Sangon Biotech Co. Ltd., Shanghai, China) and 0.6 ml diazepam (Tianjin Jinyao Amino Acid Co., Ltd., Shanghai, China) and sacrificed by injection of 90 mg/kg pentobarbital. The limbs were mobilized, the surgical area shaved, and routine disinfection and draping were performed. A bone marrow cavity puncture was performed at the posterior superior iliac spine. A total of 10 ml of bone marrow was collected and placed separately in centrifuge tubes labeled A and B, which contained 200 U/ml heparin (Sangon Biotech Co. Ltd.). After thorough mixing the 5 ml bone marrow in each tube was filtered through 200-mesh stainless steel microporous filters (Dun qi Filtration Equipment Company, Shanghai, China), diluted with 10 ml Dulbecco's modified Eagle's medium/F12 supplemented with 10% fetal bovine serum, 1x10 -8 mM dexamethasone, 0.01 mM sodium β-glycerophosphate,0.05 g/l vitamin C, 100 U/l penicillin, and 100 U/l streptomycin (v/v; Invitrogen Life Technologies), and inoculated into 25 cm 2 culture flasks. After three days half of the culture medium was refreshed. All of the medium was refreshed after seven days, after which the medium was refreshed every three days. The cells were passaged at a 1:3 ratio, once they were 80-90% confluent. The vitality and growth of the cells was observed daily using an IX71 inverted fluorescence microscope. 6 /ml) were melted on ice. Subsequently, bFGF-plenti6/V5 vector (2 µl; 2 µg/µl) and GFP-plenti6/V5 vector (2 µl; 2 µg/µl) were added, and mixed using a pipette. Cells were then placed on ice and incubated for 30 min. Subsequently, they were incubated at 42˚C for 90 sec, and then placed on ice for 2 min. Super optimal broth (250 µl) was added and the mixture was shaken horizontally at 300 rpm at 37˚C for 1 h. Following disinfection for 30 min using UV light, a glass rod was used to place 35-50 µl of bacteria uniformly onto a petri dish containing a solid medium (100 µg/ml ampicillin). The plates were inverted and incubated at 37˚C in 5% CO 2 overnight. The following day 10-100 colonies were visible per plate. Between five and ten positive colonies were selected using an inoculating loop (Shanghai Sangon Biological Engineering Technology & Services Co., Ltd.) and placed into a centrifuge tube containing LB liquid (5 ml). Samples were horizontally shaken at 300 rpm at 37˚C in an incubator overnight.
Transformation step. Competent E. coli cells (1x10
Lentiviral vector and transfection. bFGF-lentiviral vector establishment was conducted according to the manufacturer's instructions (ViraPower TM Lentiviral Expression Systems; Invitrogen Life Technologies). Viral supernatants (1 ml) were collected for cryopreservation at -80˚C. A GFP lentiviral vector establishment method was conducted according to bFGF-lentiviral vector establishment.
GFP lentiviral vector transfection efficiency detection using flow cytometry. GFP lentiviral vector-transfected sheep BMSCs (500 µl; 1x10 6 /ml) were placed into three tubes (experimental groups). Non transfected BMSCs (500 µl; 1x10 6 /ml) were collected and placed into one tube (control group). The cells then underwent flow cytometry (Beckman Coulter, Brea, CA, USA). The detection of GFP lentiviral transfection efficiency was repeated three times. qPCR. Primers were designed and synthesized by Takara Bio (Dalian, China), The following primers were used: Forward: 5'-CAGAGGCACCACATGACCAC-3' and reverse: Statistical methods. SPSS, Inc., 17.0 (Chicago, IL, USA) was used for statistical analysis. Continuous data are expressed as the mean ± standard deviation and paired t-tests were performed to compare independent samples. P<0.05 was considered to indicate a statistically significant difference. Table I ).
Results
Flow cytometry detection.
Standard curve, amplification curve and dissociation curve of osteogenic genes using qPCR. There was no significant difference between the gene expression levels of OPN in the experimental group and the control group (Figs. 3, 4 and 5).
The gene expression levels of collagen-I were lower in the experimental group, as compared with the control group (Figs. 6, 7 and 8). OC gene expression levels in the experimental group were significantly higher, as compared with the control group (Figs. 9, 10 and 11 ).
Discussion
Studies have demonstrated that bFGF stimulates the proliferation of fibroblasts (4, 5) . It is involved in promoting the formation of new capillaries, and in the repair of soft tissue, cartilage, bone and nerve (6) . bFGF is involved in osteogenesis; it induces cell differentiation into osteoblasts, in addition to promoting angiogenesis. Previous studies have suggested that bFGF may promote the proliferation of bone marrow stromal cells and that it may be involved in the proliferation and maintenance of osteoblasts (4, 7, 8) . Furthermore, bFGF is a potent mitogen (4). The lentivirus vector is a type of RNA retroviral vector that is capable of infecting non-dividing and dividing cells and accommodates large exogenous gene fragments and long-term stable gene expression. Furthermore, the immunoreactive effects of lentiviral vectors are small. Zhang et al (9) used a Vira Power lentiviral vector system in order to investigate the effects of bFGF on meniscal fibrocartilage cell injury in white rabbits from New Zealand. Following 48 h of transfection, the expression of bFGF in the meniscus cells had increased significantly, and bFGF promoted cell proliferation and matrix synthesis. Numerous studies have demonstrated that lentiviral vectors are capable of transfecting genes, which are difficult to transfect with other types of vectors. Indraccolo et al (10) , demonstrated that the transfection efficiency of lentiviral vectors was ten times greater than that of retroviral vectors. Furthermore, in ovarian cancer gene therapy in vivo, expression efficiency was nearly 100 times greater in lentiviral vectors compared with retroviral vectors (10).
qPCR is a nucleic acid quantification method, which was developed at the end of the 20th century. Its advantages include high specificity, sensitivity, accuracy and reproducibility, and wide quantitative range. In addition, it is non-polluting and has short operation times (11, 12) . Therefore, qPCR is useful in medicinal (13) , food (14) , animal (15) (16) (17) (18) (19) (20) and microbiological (21) research. It is the most commonly used method for studying gene expression and for pathogen identification.
To the best of our knowledge, there have been limited investigations into osteoblast gene expression using qPCR. Therefore, the results of the present study are useful for understanding osteogenic-related gene expression patterns and the process underlying the differentiation of BMSCs into osteogenic cells. Runt-related transcription factor 2 (Runx2) protein is a transcription factor that is associated with osteoblast differentiation (22) . It is involved in the regulation of multiple signaling pathways that are active in osteoblast differentiation. Kim et al (22) demonstrated that bFGF is involved in osteoblast differentiation by regulating Runx2 activity. FGF/FGF-receptor signaling promoted Runx2 transcription activity and protein expression via the protein kinase C pathway. Xiao et al (23) , demonstrated that bFGF is involved in the regulation of Runx2 activity and OC gene expression. bFGF promoted the OC mRNA expression and promoter activity in the rat osteoblast-like cell line, MC3T3-E1, in a dose-and time-dependent manner. bFGF phosphorylation and Runx2 activation was achieved via ERK1/2 signaling pathways. Teplyuk et al (24) demonstrated that Runx2 molecular pathways regulate the expression of certain osteoblast genes, including OPN and alkaline phosphatase, enhance cell proliferation and promote the differentiation of BMSCs into osteogenic cells.
The results of the present study suggested that collagen-Ⅰ expression was significantly lower, and OC expression was significantly higher, in BMSCs from the experimental group compared with those in the control group. These observations may be explained by the slow differentiation process of BMSCs into osteogenic cells in the mineralized induction medium. It is possible that the cultured cells did not reach mineralization maturity. The results of the present study suggest that in the experimental group, bFGF may have accelerated the differentiation of BMSCs into osteoblasts, causing the transfected cells to secrete bFGF, which may have promoted OC gene expression.
A number of studies have demonstrated that OC gene expression is an important indicator for maturity of bone cells. The expression of collagen-I, OPN and OC was measured in fourth generation BMSCs. In BMSCs in the experimental group, collagen-Ⅰ expression was the lowest and that of OC was the highest. Therefore, cells in the experimental group appear to have been closer to mineralization maturity than cells in the control group. bFGF therefore exhibited a regulatory role in associated gene and protein expression involved in BMSC differentiation.
The majority of research on bone tissue engineering has focused on growth factor-induced cells and gene transfection-induced cells. Studies have investigated the differentiation of BMSC differentiation into osteogenic cells by measuring cell proliferation, matrix maturity and mineralization maturity. The expression of non-specific osteoblasts genes, such as OPN, collagen-Ⅰ and OC have been examined. However, to the best of our knowledge, there have been limited studies on the quantification of non-specific osteogenic gene expression.
The present study quantified bone-related gene expression at different stages of BMSC differentiation (25) , which is beneficial for understanding gene transfection and expression patterns involved in the differentiation of BMSCs into osteogenic cells. The present study has demonstrated that bFGF-transfected BMSCs exhibit a number of osteogenic functions and that bFGF regulates the expression of certain osteongenic genes. Therefore, they may be useful seed cells for bone tissue engineering.
